This review concluded that lifestyle and pharmacological interventions reduce the rate of progress to type 2 diabetes in people with impaired glucose intolerance, and that lifestyle interventions seem to be at least as effective as drug treatment. The authors' conclusions are likely to be reliable.
Study selection Study designs of evaluations included in the review
Randomised controlled trials were eligible for inclusion.
Specific interventions included in the review
Studies of interventions aimed at delaying or preventing type 2 diabetes were eligible for inclusion. The included studies investigated lifestyle interventions (diet or exercise alone, and diet plus exercise) compared with standard advice, pharmacological interventions compared with placebo, and the herbal remedy jiantang bushen compared with standard advice. The pharmacological interventions were the obesity drug orlistat and oral diabetes drugs acarbose, flumamine, glipizide, metformin and phenformin. Studies of troglitazone were included in the review, but were not included in the meta-analysis as it was no longer a viable treatment option and had been withdrawn from several markets due to risks of liver toxicity.
Participants included in the review
Studies of people with impaired glucose tolerance, or studies with a sub-sample of this patient group, were eligible for inclusion. In the included studies, the baseline risk of type 2 diabetes per 100 person-years ranged from 2.6 to 30.
Outcomes assessed in the review
To be included, studies had to measure the development of type 2 diabetes. The included studies used several definitions of type 2 diabetes, though most definitions were similar. The average length of follow-up ranged from 0.37 to 4.62 years.
How were decisions on the relevance of primary studies made? Three authors assessed studies for relevance; trial inclusion was based on consensus.
Assessment of study quality
The Jadad scale was used to assess study quality. This scale assesses randomisation, blinding and withdrawals. An additional criterion for adequacy of allocation concealment was used. Two authors independently conducted the quality assessment.
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Data extraction
Two authors independently extracted the data and any disagreements were resolved through consensus. The log hazard ratio (HR) and standard error were estimated for individual trials. Where necessary, this was based on transformed data (full details were provided in the paper). Authors were contacted where insufficient data were reported. Three studies were excluded because sufficient data were not available.
Methods of synthesis
How were the studies combined?
The studies were pooled using random-effects meta-analyses to obtain estimates and 95% confidence intervals (CIs) for each type of intervention, and the number-needed-to-treat to estimate the effect of the intervention in the 5-year cumulative incidence of developing diabetes. The risk of publication bias was assessed using Begg's and Egger's tests.
How were differences between studies investigated?
In addition to pooling the different interventions separately, the impact of mean age, body mass index and length of follow-up on the treatment effect was estimated separately using meta-regression. A Bayesian meta-analysis was used to investigate the effect of baseline risk of type 2 diabetes on the intervention effect. A cumulative analysis was used to investigate the impact of study quality using the Jadad score. In addition, the impact of removing studies with concealment of allocation from the analysis was investigated. The effect of removing studies using the newer, lower threshold for fasting plasma glucose from the analysis and the influence of individual trials on the results were also investigated. Statistical heterogeneity was investigated using the I-squared statistic.
Results of the review
Twenty-one trials met the inclusion criteria; 17 (n=8,084) were included in the meta-analyses.
The quality scores ranged from 1 to 4 out of a possible 5, with the majority reaching a score of 2 or 3.
Based on the meta-analyses, all the interventions showed a benefit in preventing or delaying type 2 diabetes.
There was a 49% relative reduction in the risk of type 2 diabetes when all the lifestyle interventions were pooled (HR 0.51, 95% CI: 0.44, 0.60, p<0.001). The findings were similar when the different lifestyle interventions were pooled separately: the HR was 0.67 (95% CI: 0.49, 0.92) for diet alone (3 studies), 0.49 (95% CI: 0.32, 0.74) for exercise alone (2 studies) and 0.49 (95% CI: 0.40, 0.59) for diet and exercise combined (7 studies).
There was a 30% relative reduction in risk when all the oral diabetes drugs were pooled (9 studies; HR 0.70, 95% CI: 0.62, 0.79, p<0.001). There was a 66% relative reduction in risk when the anti-obesity studies were pooled (2 studies; HR 0.44, 95% CI: 0.28, 0.69, p<0.001). The single trial assessing jiantang bushen had an HR in favour of the intervention, though this was not statistically significant (HR 0.32, 95% CI: 0.03, 3.07) . Statistical heterogeneity was low, ranging from 0 to 8.8%.
The number of adverse events reported in the pharmacological trials varied widely between studies: most of the events were gastrointestinal and were more common in the intervention groups than in the control groups. There was a decline in liver function with troglitazone.
There was evidence from the meta-regression that lifestyle interventions were more effective in trials of participants with higher body mass index. There was no evidence of an interaction between baseline risk of type 2 diabetes and the intervention effect. The removal of trials that used newer diagnostic criteria had a minimal effect on the results, as did the removal of studies with low Jadad scores.
There was evidence from the Begg's and Egger's tests that publication bias may be a problem for the analysis of diabetes drugs.
The 2 trials of troglitazone not included in the meta-analysis showed a significant reduction in the development of diabetes compared with control.
